A convenient -and quick to realize -approach for the synthesis of tetrabutylammonium hexachlorometalates (Bu 4 N) 2 [MCl 6 ] is suggested. Since the preparation of (Bu 4 N) 2 [MCl 6 ] (M=Re, Os, Ir) by simple one-pot method is hitherto unreported, we successfully synthesized it by simply mixing the tetrabutylammonium hydroxide with acidic solution of potassium salt of hexachlorometalates.
Introduction
Synthesis and characterization of electrochemical properties of various transition metal complexes have been of prime focus in recent years in numerous research groups. It is of specific interest to us to study the electrochemical redox properties of complex ions such as ReCl 6 2-, OsCl 6 2-, and IrCl 6 2- in non-aqueous solvents [especially in acetonitrile (CH 3 CN)] in order to check the possibility of using them as a redox couple in dye-sensitized photoelectrochemical cells (1) (2) (3) (4) (5) . Most of the hexachlorometalates and hexacyanometalates with their common counterions K + or Na + are insoluble in non-aqueous solvents. Salts containing quaternary ammonium cations have a favorable solubility in nonaquous solvents. Therefore, the potassium or sodium counterion should be replaced with tetraalkylammonium counterion to become a soluble in non-aqueous solvent. It is well known that the tetrabutylammonium cation substituted compounds have quite good solubility in non-aqueous solvents (6) (7) (8) (9) (10) . Generally, the synthesis of such tetrabutylammonium cation substituted hexachlorometalates (6,7) and hexacyanometalates (8) (9) (10) (11) (12) are achieved by multi-step process. However, it is opined that the synthesis of such compounds by previously adopted methods (6, 7) are rather tedious and time-consuming. In order to simplify this process and, in turn, to reduce the preparation "downtime", we attempted a new approach, in which, we simply mixed the tetrabutylammonium hydroxide with acidic solutions of potassium salt of hexachlorometalates. Indeed, we could succeed in such attempt, which undoubtedly has certain processing advantages such as (i) efficient, simple and economical (ii) possibility of carrying out the reaction under atmospheric condition and (iii) easy separation of the product. Besides, the synthesis and electrochemical characterization of tetrabutylammonium hexachloroosmate (IV) and tetrabutylammonium hexachloroiridate (IV) in non-aqueous solvents, have not been reported to the best of our knowledge. In this paper, we propose a convenient approach for relatively quick realization of tetrabutylammonium cation modified hexachlorometalates, and (ii) report, their electrochemical redox properties in aqueous and non-aqueous
Experimental
All the chemicals purchased were of reagent grade and used without further purification. The tetrabutylammonium hexachlorometalates was prepared by the following procedure (Scheme). First, 0.3 g (0.025 M) of the potassium salt of hexachlorometalate (example; K 2 ReCl 6 , K 2 OsCl 6 and K 2 IrCl 6 ) (purchased from Wako chemicals) was dissolved in 25 ml of 0.1 M dilute hydrochloric acid solution and then 0.05 M of tetrabutylammonium hydroxide (10%) in water (purchased from Tokyo chemicals) was added at room temperature. Then the reaction mixture was shaked at room temperature for few seconds and forms the precipitate. The precipitate was filtered and thoroughly washed with water and then dried at room temperature. The colors of the prepared complexes such as (Bu 4 N) 2 6 ] are light green, light yellow and brown, respectively. In this reaction (Scheme), it is believed that the protonated hexachlorometalate (H 2 MCl 6 ) and KCl formation takes place as a first step when the alkali metal salt is dissolved in dilute acid (8) . Then the addition of alkaline tetrabutylammonium hydroxide to this solution gives the precipitate of the respective tetrabutylammonium cation attached hexachlorometalates. The resulting products were characterized by using FTIR (Perkin Elmer FT-IR spectrometer 2000) and ICP measurements (Shimadzu ICPS-8100). Cyclic voltammetric studies were performed with a Corrowave programmer in combination with Electrochemical Measurement unit (Solartron Instruments Model SI 1280 B). The samples were mixed with potassium bromide (KBr) for FT-IR study.
Results and Discussion
We performed the solubility test for all of the synthesized complexes using range of non-aqueous solvents (example; alcohols, DMSO, CH 3 CN) and showing bet-ter solubility in the above-mentioned non-aqueous solvents. The existence of tetrabutylammonium counterion in the prepared complexes was confirmed by FT-IR spectra. The 1:6 ratio of the metal and chloride atoms of these newly synthesized complexes were confirmed by ICP measurements .
The cyclic voltammetry studies (CV) of these complexes have been carried out using a conventional threeelectrode single comportment cell at room temperature. The working electrode was a pt disk electrode (0.0706 cm diameter). An Ag/AgNO 3 electrode was used as the reference electrode and a pt wire was used as the counter electrode. Formal redox potentials, E f were calculated from the midpoint of the cathodic and anodic peak potentials observed in the cyclic voltammograms. The solvent dependences of the formal redox potentials of the Recl 6 2-/-, OsCl 6 2-/3and Ircl 6 2-/3couples were studied in CH 3 CN and water. All redox couples show the reversible character in water as well as CH 3 CN. The CV of IrCl 6 2redox couple is not presented here. The CV of (Bu 4 N) 2 [ReCl 6 ] and (Bu 4 N) 2 [OsCl 6 ] displays a reversible one-electron oxidation with E f of 0.85 V (Fig. 1) and 0.89 V (Fig. 2) , respectively in 0.1 M (Bu 4 )NClO 4 /CH 3 CN (vs. Ag/Ag + ). This indicates that both Re(IV) and Os(IV) complexes could be oxidized reversibly by one electron in CH 3 CN (6). The electrochemistry of ReCl 6 2and OsCl 6 2- in aqueous solution also shows the reversible one-electron oxidation, but the half wave potential is negatively shifted than those in CH 3 CN. The observed deviation of redox potential for these two complexes may be due to their interaction with solvent molecules (13) . It should be indicated that the half wave potential of Fe(CN) 6 4-/Fe(CN) 6 3redox couple is also significantly changes depends upon the solvents due to its strong coordinating interaction with Iron (III) (14) .
The cyclic voltammetry studies indicate that the synthesized complexes have the redox position more positive than the HOMO level of the ruthenium complex The ICP measurement was carried out to find out the ratio of metal and chloride atoms in the complex ion. For that, first 0.05 g of sample (Bu 4 N) 2 [MCl 6 ] was dissolved in 3% aq. HNO 3 acid (100 ml) and 50 ml of the above solution was used to measure the amount of M in the sample compound. Then 5 ml of 1% AgNO 3 was added into the remaining 50 ml of stock solution and obtained AgCl precipitate. From this precipitate, the amount of Ag was measured by ICP and then the amount of chloride was calculated.
Synthesis of Tetrabutylammonium Hexachlorometalates
(N3) dye, which is exclusively used in dye-sensitized solar cells. It is obvious that the electron injection from the redox electrolyte to the empty HOMO level is thermodynamically not favorable. It should be indicated that the presently synthesized MCl 6 complexes may not be used in DSSC, but that could be used as a redox medium in conventional photoelectrochemical cells (15) . Moreover, the present simple method can be used for the synthesis of highly organic solvent soluble complexes.
Conclusion
In conclusion, we demonstrated for the first time to the synthesis of tetrabutylammonium hexachlorometa-lates by simple one-pot method. The electrochemical investigations of these compounds showed the perfect one electron reversible oxidation character in both aqueous and non-aqueous solvents. Further studies, to elucidate the structure, stability and spectroscopic properties of these compounds and their application as a redox electrolyte for photoelectrochemical cells are in progress.
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